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De Haas- van Alphen oscillations were measured in lanthanum tritelluride (LaTea) to probe the 
partially gapped Fermi surface resulting from charge density wave (CDW) formation. Three distinct 
frequencies were observed, one of which can be correlated with a FS sheet that is unaltered by CDW 
formation. The other two frequencies arise from FS sheets that have been reconstructed in the CDW 
state. 
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I. INTRODUCTION 

In materials with Fermi surfaces that are not purely 
one-dimensional, the formation of a charge density wave 
below a certain transition temperature will often create a 
"partially gapped" Fermi surface by nesting only certain 
regions of the Fermi surface — those that are best spanned 
by the charge density wavevector. The material remains 
metallic below the transition, with transport properties 
that are altered by an often significantly changed Fermi 
surface. 

The rare-earth tritellurides have recently emerged as 
a prototypical family of CDW compounds jii^i^ In the 
unmodulated state, the materials have a crystal struc- 
ture (Fig. [TJa)) that is layered and weakly orthorhombic 
(space group Cmcm)^, consisting of double layers of nom- 
inally square-planar Te sheets, separated by corrugated 
i?Te slabs. In this space group, the long &-axis is perpen- 
dicular to the Te planes. The band structure has been 
calculated for the unmodulated structure, yielding a sim- 
ple FS (Fig. [TJb) and (c)) consisting of slightly warped 
inner and outer diamond sheets formed from px and pz 
orbitals of Te atoms in the square planar layers, both 
doubled due to the effects of bilayer splitting, and with 
minimal &-axis dispersioni^ The susceptibility x{l) has 
peaks of similar magnitude in both in-plane directions 
for g « 2/7 c* and 2/7 a* (c* = 2it/c)^^ 

All compounds in the i?Te3 family exhibit a simple uni- 
directional lattice modulation with a wavevector gi « 2/7 
c*, corresponding to the maximum in x('i')'^'^'^'^'^'^'^'^ 
Temperatures for this transition range from Td = 244 K 
for TmTes to T^i = 416 K for SmTcs, with those for the 
as yet unmeasured R = La, Ce, Pr, Nd presumed to be 
even higher. Angle resolved photoemission spectroscopy 
(ARPES) has revealed that portions of the FS which are 
nested by these wave vectors are indeed gapped, implying 
that the gain in one-electron energy contributes to CDW 
formationi^ii^iii Below the transition, the Fermi surface 
is partially gapped and exhibits metallic behavior . 
For the heaviest rare earths(i? = Dy, Ho, Er, Tm), a 
second transition is observed, which has been shown for 
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FIG. 1: (color online) (a)The crystal structure of RTe^. (b) 
The Fermi surface of LaTes as calculated by LMTO. (c) Pro- 
jection down the &*-axis for the LaTea Fermi surface. Symme- 
try points for the F-X-Z plane {ky = 0) are labeled. Dispersion 
of the FS along b* is indicated by the thickness of the lines. 



ErTes'^ and HoTe^i^ to have a wavevector q2 ~ 1/3 a*. 
This second CDW wavevector gaps additional portions of 
the Fermi surface,— with electronic behavior remaining 
metallic below both transitions.'^ 

In this paper we present results of experiments probing 
the FS of LaTca in the CDW state, and compare these 
results with band structure calculations for the unmodu- 
lated structure. LaTca exhibits just one CDW state with 
wavevector qi « 2/7 c* with a transition temperature 
over 400 K. Its reconstructed Fermi surface is expected to 
be similar to that of CeTcs, which has been investigated 
by ARPES by V. Brouet and coworkers. ° Although these 
measurements reveal the presence of CDW shadow bands 
in the CDW state, the precise shape and area of the re- 
constructed FS remains to be determined. De Haas-van 
Alphen (dHvA) oscillations in magnetization, which pro- 
vide a measure of the area enclosed by the reconstructed 
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FS, are uniquely suited for this purpose. 



II. EXPERIMENTAL METHODS 

Single crystals of LaTea were grown by slow cooling a 
binary melt as described previously. "'^^ Residual resistivity 
ratios (RRR = p(300 K)/p(1.8 K)) of up to 120 were 
observed, which is an indicator of good crystal quality. 

AC susceptibility measurements were made using two 
counterwound pickup coils consisting of approximately 
1000 turns of 12 /im-diameter copper wire. The primary 
is a superconducting coil that is part of the main mag- 
net; it was driven at a frequency near 83 Hz, providing 
an AC field of 3.3x10^^ T rms. A LaTea crystal of mass 
0.7 mg was inserted in one of the secondary coils with the 
6-axis parallel to the field. The sample was held in place 
with grease, and thermally grounded with gold and cop- 
per wires to the mixing chamber of the dilution refrigera- 
tor (Oxford Instruments Kelvinox 25). Low-temperature 
transformers mounted on the 1-K pot were used to pro- 
vide an initial signal boost of approximately a factor of 
100. Measurements were performed at a temperature of 
40 mK. The magnetic field was swept from 15 T to 0.5 
T at a rate of 0.025 T/min, with a data density of one 
point per 0.6 Oe. 

Cantilever torque measurements were made in a 14 T 
Quantum Design Physical Properties Measurement Sys- 
tem (PPMS) with a base temperature of 1.9 K. Crystals 
were shaped to square platelets weighing 1-2 mg. The 
magnetic field was set to sweep from 14 to 2 T at a rate 
of 0.063 T/min, with a data density of one point per 75 
Oe. 

These torque measurements were repeated with the 
crystal rotating about an in-plane axis. Orientation by 
x-ray diffraction with a Panalytical X'Pert Diffractome- 
ter in reflection geometry revealed that the a-axis was 
the axis of rotation i.e. that the field was oriented in 
the b-c plane of the crystal. However, although the crys- 
tal used for this study was a well-formed faceted crys- 
tal, LaTea is prone to twinning due to the weak Van der 
Waals bonding between the double Te sheets. Given that 
the penetration depth of the x-rays is only on the order 
of microns, it is possible that the sample also contained 
undetected grains for which the c-axis was the axis of 
rotation. 



III. RESULTS 

Clear oscillations were observed in both the ac suscep- 
tibility and torque measurements. At least three distinct 
frequencies were observed for fields oriented parallel to 
the 6-axis: a = 0.058 kT, (3 = 0.52 kT, and 7 = 1.6 
kT, with the (3 frequency composed of two or more very 
closely spaced frequencies. 

Quantum oscillations as seen in the ac susceptibility 
measurement at 40 mK are shown in Fig.[2Ia), plotted as 
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FIG. 2: (a) The susceptibility of LaTes at T = 40 mK showing 
dHvA oscillations(gray, solid), with background subtracted. 
The envelope of the /3 frequency is shown (black, dashed), 
(b) Fourier transform over the field range 1.5 to 15T. Inset 
shows in detail the multiple peaks at /3. (c) Fourier transform 
over the field range 7 to 15T. The principal frequencies a, 
13, and 7 and higher harmonics are labeled. Arrows indicate 
additional frequencies as described in the text. 
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a function of inverse field, with a background subtracted. 
Oscillations were noticeable in the data for fields greater 
than 1 T. The predominant frequency seen in the raw 
data is the (3 frequency with a beating that arises from 
its closely split peaks. To emphasize the contribution 
of f3 to the total oscillatory content, the envelope of (3, 
derived from the Fourier transform of the raw data, is 
overlaid in Fig. HJa). 

Fig. mb) shows a Fourier transform of Fig. HJa) over 
the field range 1.5 to 15 T. A Hamming window was used 
for the Fast Fourier Transform (FFT). The frequencies 
a, /?, and 7 are labeled. The f3 frequency is larger in 
amplitude than the others and is composed of a cluster 
of peaks with frequencies ranging from 511 to 553 T, 
as shown more clearly in the inset to Fig. [Ifb). In this 
Fourier transform, the 7 peak has some structure, but, 
unlike f3, is not distinctly split into separate peaks. Also 
labeled in the Fourier transform is the second harmonic 
2/3. 

A Fourier transform of the data from 7 to 15 T is shown 
in Fig. El^c). With a shorter field range, the higher fre- 
quency components in the data are emphasized. Higher 
harmonics 4/3 and 27 of the fundamental frequencies are 
clearly visible, as well as small peaks at 1.45 and 1.73 T 
on either side of 7, which are labeled with arrows. The 
shortened field range also reduces the Fourier transform 
resolution, partially obscuring the (3 peak splittings. 

In order to make a detailed angular and effective mass 
study, additional measurements were performed using a 
cantilever torque magnetometer and a second crystal of 
LaTea. Fig. [3lja) shows the results of a torque magne- 
tometer measurement performed at 2.0 K with the 6-axis 
of the crystal offset from H by 5° to provide a torque 
of suitable magnitude. A third-order polynomial back- 
ground has been subtracted. Oscillations were noticeable 
in the data for fields greater than 4 T. 

The Fourier transform of the torque data is shown in 
Fig-ISIb). Again, the predominant frequencies are labeled 
as a, P, and 7. The spectrum is very similar to that in 
Fig. [21 despite the reduced field range and the higher 
temperature. Here, the P frequency is clearly split into 
two, labeled in the inset to Fig.[3]^b) as (3i and ^2- Given 
the smaller field range, sparser point density, and smaller 
signal to noise levels, higher harmonics above 2 kT were 
not observed. 

The frequencies a, (3, and 7 correspond to closed or- 
bits with cross-sectional areas that can be expressed in 
terms of Brillouin zone (BZ) area, defined by a* x c* = 
2.O27A-2, where a = 4.40451 and c = 4.4211.1^ The 
smallest frequency, a, corresponds to 0.28(1)% of the 
BZ. The two peaks Pi and P2 correspond to 2.44(1)% 
and 2.60(1)% of the BZ, respectively, and the largest 
frequency 7 corresponds to 7.65(5)% of the BZ. These 
results are summarized in Table HI 

Quantum oscillations in the torque were followed as 
a function of angle as the field was rotated in the b-c 
plane. Data were taken at 2 K and at every 5° from 
9 = —45° to 40°, where 9 is measured from the 6-axis. 
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FIG. 3: (a)Torque data for LaTea at T = 2 K with field 
oriented 5° from the fe-axis, with polynomial background sub- 
tracted, (b) Fourier transform from 4 to 14T. The principal 
frequencies a, f3, and 7 and the higher harmonic 2/3 are la- 
beled. The insets show the double peaks /3i and /32, as well 
as a very small peak at 1.45 kT marked by an arrow. 
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TABLE I: Fundamental dHvA frequencies obtained from sus- 
ceptibility and torque measurements of LaTes, corresponding 
fractional areas of the FS, and the associated cyclotron masses 
as obtained from Lifshitz-Kosevich fits to the temperature- 
dependent torque data. ^The 2/3 frequency being a second 
harmonic, its FS area is shown as half the value given by the 
Onsager relation. 
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FIG. 4: Angle dependence of the 13 frequencies from torque 
measurements at 2 K. The field is oriented in the b-c plane at 
angles 9 from the &-axis. (a)Fourier transforms from 9 — —10° 
to 40°, taken over the range 4 to 14 T. (b)An overhead view of 
the Fourier transforms from -45° to 40°. Fourier transforms 
are shown as background shadings, with data markers posi- 
tioned at the center of each peak. Error bars representing the 
full width at half max. Solid curves show 1/ cos^. 



Fourier transforms were taken over the range 4 to 14 
T and the results are shown in Fig. IH^a) for = —10° 
to 40°, scaled to focus on the /3 frequencies. While /3 
consists of two peaks at angles near zero, at higher angles 
it consists of three or four peaks. For example, in the 
bottom panel, at 5°, /? consists of two clean peaks. As 
the angle is increased to 10°, 15°, and 20°, a shoulder 
begins to form on the leftmost peak, until at 25°, 
/3i itself consists of two distinct peaks. Meanwhile, P2 
becomes noticeably broader between 15° and 20° until 
at 25° a peak splits off from the right side of ^2- While 
four peaks are clearly seen at 25°, on increasing to 30° 
the two central peaks have merged, and for larger angles 
although four peaks are again observed it is difficult to 
unambiguously identify the origin of each peak. 



FIG. 5: Angle dependence of the 7 frequencies from torque 
measurements at 2 K. The field is oriented in the b-c plane at 
angles 9 from the 6-axis. Fourier transforms for each angle are 
marked by background shadings. Data markers are positioned 
at the center of each peak, with error bars representing the 
FWHM. Solid curves show 1/ cos 9. 



This information is consolidated in Fig.[Ub) where the 
Fourier transforms (over the range 4 to 14 T) are shown 
as a background shading with darker regions represent- 
ing higher intensities. Overlaid are markers representing 
peak positions; the full- width at half-maximum (FWHM) 
of each peak is represented by the total span of the error 
bars. An effort has been made to identify which peaks 
merge or split into other peaks as the angles change. As 
angles increase or decrease from zero, /3i splits into two 
peaks (3iA and Pib, while P2 splits into two peaks (32A and 
/?2B. For comparison, the function l/cos0, which repre- 
sents the angle dependence of a FS sheet with no &-axis 
dispersion, is shown as solid curves. The close correspon- 
dence to 1/ cos6' indicates that the FS sheets are indeed 
quasi-2D with minimal 6-axis dispersion, as indicated by 
band structure calculations. However, there are small 
deviations from a l/cos0 dependence: /3ib and P2B fol- 
low 1/ cos 61 very well, while (3ia and /32A are "shallower" 
than l/cos0. This implies that the latter two frequen- 
cies result from FS maxima around which the curvature 
is slightly larger than in other parts of the FS. 

Fig. [5] shows a similar plot for the 7 frequency for 
Fourier transforms taken over the range 7 to 14 T. While 
7 is a single peak close to 9 = 0, it soon splits into two 
and three peaks at higher angles. An attempt was made 
to identify 71 , 72 , and 73 , as they split and merge with in- 
creasing 9. The frequency 73 seems to follow the 1/ cos 61 
dependence very closely, while 71 and 72 are shallower 
than 1/ COS0. 

Fig. [B] shows the results of angle-dependent measure- 
ments for the additional frequencies (a) a (FFT from 4 
to 14 T) and (b) 2/3 (FFT from 7 to 14 T). In each fig- 
ure, a line is plotted representing l/cos6'. As before, 
there is a close correspondence to 1/ cos 9 indicating that 
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FIG. 6: The (a)a and (b)2/3 frequency peaks in the Fourier 
transform for the torque measurements of LaTea at 2 K. The 
field is oriented in the h-c plane with an angle Q measured 
with respect to the fo-axis. Solid curves show 1/ cos 61. Error 
bars show FWIfM for representative data points. 



the FS sheets are indeed quasi-2D. It is not surprising 
that the harmonic 2/3 shows quasi-2D behavior, as its 
angle-dependence should be the same as that of its fun- 
damental. 2/3 splits into two at higher angles, but the 
peak is too weak to show the detailed structure that was 
seen in the Fourier transform of its fundamental, /3. 

To obtain the effective mass m* , torque measurements 
were extended from temperatures of 1.9 to 25 K, with 
the magnetic field offset from the crystallographic &-axis 
by 5°. The amplitudes of each frequency as derived from 
the Fourier transforms are shown in Fig.[7]for (a)a, (b)/3i 
and /32, (c)2/3 and (d)7. The field range used for each set 
of Fourier transforms is indicated in each panel. The 
amplitudes decrease as temperature is increased. Fits 
to the Lifshitz-Kosevich expressioni^ result in values for 
the cyclotron masses, which are shown in Table HI As 
expected, the effective mass associated with the 2/3 fre- 
quency is twice that of /3, confirming our assignation of 
this frequency as a higher harmonic. Consequently, in 
Table U we give the associated FS area as half that esti- 
mated from the Onsager relationJ^ 
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FIG. 7: Amplitudes as a function of temperature for LaTes, 
from torque measurements with field oriented 5° from the 
6-axis. a)a (0.058 kT), (b)/3i (0.52 kT) and /Jz (0.55 kT), 
(c)2/3 (1.1 kT), and (d)7 (1.6 kT). Solid lines show fits to the 
Lifshitz-Kosevich relation, as described in the text. The field 
range used for each set of Fourier transforms is indicated in 
each panel. 
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IV. DISCUSSION 

The two sets of measurements shown for fields oriented 
H\\h (or close to H\\h for the torque measurement) differ 
primarily in the number of split peaks observed in the 
(3 frequencies, with up to six observed in the suscepti- 
bility measurement in Fig. [21 and two observed in the 
torque measurement in Fig. [31 The difference is unlikely 
to be due to the lower temperature of the susceptibility 
measurement as there are only minimal changes in the 
oscillation amplitudes for temperatures below 2 K, ap- 
parent from the Lifshitz-Kosevich curves in Fig. [71 How- 
ever, multiple peaks can arise if a sample contains mul- 
tiple crystallites oriented at subtly different angles. The 
fewer split peaks observed in the torque measurements, 
as well as the angle dependent measurements that show 
symmetry about = 0, imply that any influence from 
secondary misoriented crystallites in the torque sample 
is small. While it is possible that the smaller field range 
used for the torque measurement could have the effect of 
"merging" closely spaced peaks, the well-formed nature 
of the double (3 peaks in Fig. [HJb) implies that this may 
not be the case. In consequence, and for the sake of sim- 
plicity, further analysis of the [3 frequency in this paper 
is based on the torque results. 

As indicated by ARPES§', the small diamond-shaped 
pockets centered around the X point of the BZ (Fig. [T]) 
remain unmodified in the presence of the CDW. Band 
structure calculations were performed for the unmodu- 
lated structure of LaTca, using the linear mufhn-tin or- 
bital (LMTO) method within the atomic sphere approx- 
imation, including combined-correction terms. These 
calculations show that the inner X pocket has minimal 
and maximal FS areas corresponding to 2.14% and 2.79% 
of the BZ area, while the outer X pocket has minimal and 
maximal areas of 3.68% and 3.82% of the BZ area.'^^ The 
measured (3 frequencies, which correspond to similar FS 
areas, can thus be ascribed to these unmodified X pock- 
ets. 

While in principle each of these four distinct frequen- 
cies should be observed in the measured data at = 0, in 
practice the finite Fourier transform resolution for the ex- 
perimental conditions results in just two distinct frequen- 
cies at near zero. As the LMTO band structure calcula- 
tions indicate that the bilayer splitting is larger than the 
6*-axis dispersion for both sheets (Fig. [Ijc)), (3i and (32 
are tentatively assigned to the inner and outer X pockets 
respectively. An alternative interpretation would be that 
/?i and (32 are associated with the minimum and maxi- 
mum of the inner X pocket, which would give a closer 
correspondence between calculated and measured areas. 
However this would imply that no frequencies are ob- 
served from the outer X pocket, even though both sheets 
are expected to be present in the reconstructed FS. 

As is increased from zero, each of j3i and (32 splits into 
two peaks, and it is tempting to ascribe these split peaks 
(3iA and (3ib to the neck and belly frequencies of the in- 
ner X pocket, and similarly for ()2A and (^23 to the neck 



and belly frequencies of the outer X pocket. But a sim- 
ple sinusoidal 6-axis dispersion should give neck and belly 
frequencies that are distinct at 6* = but then converge 
with increasing 6 before meeting at a Yamaji angle22i2^. 
The divergent behaviors of (3ia and (3ib, and (^2A and 
(32B , could reflect deviations from a simple sinusoidal b*- 
axis dispersion. Alternatively, given that LaTea is prone 
to twining due to the weak Van der Waals bonding be- 
tween the double Te sheets, it is possible that there are 
grains in the sample that are misoriented within the plane 
by 90°, so that as 9 increases some grains could be ro- 
tating around the a-axis while other grains are rotating 
around the c-axis. If these different rotation directions 
have different angle-dependencies, then this could cause 
single peaks near 9 = to split into multiple peaks at 
higher angles. 

The measured cyclotron masses for the Pi and P2 fre- 
quencies are to* = 0.175(l)mo and 0.183(1)too, respec- 
tively. These can be compared with the band masses to^ 
for undressed quasiparticles where m* /mi, = 1 + A and A 
is the electron-phonon coupling parameter. LMTO cal- 
culations show that TOb = 0.113(5)too for the inner X 
pocket, and mi, — 0.154(8)too for the outer X pocket. 

The LMTO calculations from the average structure do 
not reveal any FS sheets with areas close to those given 
by the a and 7 frequencies. The a and 7 frequencies 
are therefore ascribed to portions of the reconstructed 
FS. The splitting of 7 from one peak to three peaks at 
higher angles, like the splitting of /3i and P2, can be at- 
tributed to either a complex 6*-axis dispersion or to crys- 
tal twinning. Our measurements clearly show that the 
reconstructed FS is, as anticipated, quasi-2D. Inspection 
of the geometry of the FS of the unmodulated structure 
(Fig-dc)) indicates that the precise geometry of the re- 
constructed FS would be very sensitive to details of the 
bilayer splitting. 

We resort to an analysis of the field dependence of 
the quantum oscillations to provide further insight. The 
torque data from Fig. [31 are shown again in Fig. [51 The 
frequencies a, /3 and 7 are individually extracted by fil- 
tering the Fourier transformed data with a gaussian fil- 
ter. The raw data is predominantly characterized by the 
frequency /3 with its beating. The extracted a and 7 
frequencies show no beating, and their amplitude rises 
smoothly with an exponential dependence. 

The mean-free path can be estimated by analyzing the 
exponential dependence of the oscillation amplitude with 
field. This exponent is given by Bd = where 
Cf is the circumference of the orbit in fc-space and I 
is the mean- free path.^^ To solve for Bjj, the extracted 
/3 oscillations are fit to Aoe^^'^/" {Aism{(3i/ H + 0i) + 
A2sm{P2 / H + (j)2)) where Ai and A2 are the relative am- 
plitudes of the /3i and P2 peaks in the Fourier transform, 
respectively and Aq is a constant. The factors Aq and Bu 
are allowed to vary alternately with the phases cf>i and 
02- Fig. MJ^) shows the extracted (S oscillations along 
with the results of the fit. The extracted oscillations are 
well-characterized by this expression. From this fit, per- 
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tion that the 7 orbit is associated with a FS sheet that 
has a large cross-sectional area with respect to the cir- 
cumference indicates that the geometry of this largest 
section of reconstructed FS is not significantly elongated 
(as implied by ARPES measurements)'*, but rather more 
closely approximates a circle. 

Repeating the same analysis for the a frequency results 
in a circumference of 0.44(2) which corresponds to 
an R value of 5.8(3), which is significantly larger than 
that of a circle. If the FS were an ellipse with the given 
area and circumference, it would have a semi-major axis 
5 times greater than its semi-minor axis (0.097 A^^ vs. 
0.0185 A-i). 

Finally, we comment on the fraction of the FS volume 
in the CDW state relative to that of the unmodified FS. 
Optical conductivity measurements have suggested that 
for LaTes as little as 2% of the original FS volume re- 
mains in the gapped state. Given that the px and Pz 
bands are approximately 5/8 filled in the unmodulated 
structure,^ and that the 2D nature of the FS gives an 
easy correspondence between FS volume and area, this 
roughly corresponds to a FS area of 2% of 5/8 of the BZ 
for the gapped state. Our larger values of 7.65(5)% of 
a BZ for 7, and 2.44(1)% and 2.60(1)% for /3i and /^z, 
indicate that substantially more of the FS remains in the 
gapped state than is indicated by the optical conductivity 
results;^ 



FIG. 8; (color online) Individual frequencies extracted from 
the filtered Fourier transform of a torque measurement of 
LaTes at 2 K. (a) The extracted frequencies /3 (blue, dashed), 
7 (red, solid) , and a (black, dash-dot) plotted against the raw 
data (green, solid), (b) The extracted frequency /3 oscillations 
(orange, solid) and a fit to the oscillations (black, dashed) as 
described in the text. 

formed on several data sets for this sample, an exponent 
of Bd — 37(1) T is obtained. To find Cp, the constant 
of proportionality R between the circumference and area, 
where Cp = R * \Jarea, is derived from the calculated 
FS. Using these values oi R {R = 4.05 for the inner and 
4.22 for the outer X pockets) and the measured areas for 
the Pi and (32 orbits, values for Cp are obtained that 
result in a mean free path of 82(4) nm. 

Assuming that all sheets are characterized by the same 
mean free path, this value can in turn be used to esti- 
mate the Cp and thus the shape for 7 orbit. Fitting the 
extracted 7 oscillations to an exponential dependence re- 
sults in Bp) — 52(6) T, and using the previously obtained 
value of I leads to Cp = 1.2(1) A^^, with an R value of 
3.05. This is smaller than the smallest possible value for 
R (that of a circle with Rdrcie — 2\/7r = 3.54), which pre- 
sumably reflects uncertainty in the exponents extracted 
from both the /3 and 7 orbits. Nevertheless, the implica- 



V. CONCLUSIONS 

De Haas van Alphen measurements on LaTea show 
three fundamental frequencies. A pair of frequencies (3i 
and (32 representing areas of 2.44(1)% and 2.60(1)% of 
the Brillouin zone, respectively, can be correlated with 
the unmodified X pocket of the FS from the average 
structure, a bilayer-split pocket which has been con- 
firmed by ARPES to exist in the CDW state. The other 
frequencies — a, corresponding to 0.28(1)% of the BZ and 
7 corresponding to 7.65(5)% of the BZ — must result from 
FS sheets reconstructed by the CDW wavevector. These 
reconstructed FS sheets are quasi-2D, and analysis of the 
field dependence of the oscillations indicates that the ge- 
ometry of the 7 sheet is approximately circular whereas 
that of the a sheet is elongated. 
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